Introduction: Vitamin D deficiency is a worldwide public health problem. The objective of this survey was to assess the undergraduate students' vitamin D status and knowledge about this vitamin. Materials and methods: An online multi-choice survey was designed and launched in Northern Poland (Gdańsk region). The first part of the survey assessed diet, supplementation, UV radiation exposure (UVE) and general health of respondents. The second part was a vitamin D knowledge test (vitamin D optimal level, deficiency-related diseases). 1766 student volunteers responded to the survey: 369 male and 1397 female. Data was divided according to the respondents' sex and university affiliation. Appropriate parametric or non-parametric statistical tests were used with statistical significance set at p<0.05. Results: Regular consumption of vitamin D-rich food was high, except for fish (only 18; 22%). High number of participants did not declare any type of supplementation (43; 44%) and only occasionally were exposed to UV (77%; 80%). The most frequently recognized disease linked to vitamin D was osteoporosis. Medical University students obtained higher test scores (4,55), however this did not correlate with healthy vitamin D habits. Conclusion: Undergraduate medical and non-medical students have unsatisfactory vitamin D status and poor understanding of its function and impact on health, which implies the need for changes in the educational program.
Introduction
It is believed that over a billion people worldwide are vitamin D deficient [1] . The distance from the equator, short summers and cold climate are amongst the major factors for vitamin D deficiency, which puts many European populations at a disadvantage [2] . There is high worldwide prevalence of vitamin D deficiency [3] [4] . One population study demonstrated that 84.4% of participants in Northern Poland (the largest agglomeration is Gdańsk located at 54° N) were vitamin D-deficient during winter [3, 5] and this deficiency was only partially compensated by summer exposure to sun light [6] .
Vitamin D (cholecalciferol) in its active form 1,25(OH) 2 D 3 (calcitriol) is a crucial hormone in the calcium-phosphorus homeostasis. Furthermore, vitamin D regulates more than 1000 genes, thus its biological activity extends far beyond the skeletal system [7] [8] [9] [10] . Therefore, vitamin D deficiency has been linked to many illnesses including infections, diabetes, cardiovascular, skin and autoimmune diseases [8, [11] [12] [13] [14] . Additionally, several multicenter studies underline the anti-proliferative activity of vitamin D and its analogues against colorectal, breast, prostate and melanoma cancers [15] [16] [17] .
Vitamin D synthesis begins in skin exposed to UV radiation as a result of photolysis of 7-dehydrocholesterol (pre-vitamin D 3 ) [8] . It was estimated that an exposure of arms and legs to 0,25-0,50 minimal erythemal dose (MED) results in formation of ~2,000-4,000 IU of vitamin D3 [18] . Dietary supplementation of vitamin D-rich products is limited mainly to oily fish (up to ~1,200 IU/100 g), egg yolk (~20-50 IU/yolk) and dairy products e.g. milk (~0.4-1.2 IU/100 mL) or cheese (~7-28 IU/100 g) [18] [19] .
Central European guidelines recommend vitamin D intake between September and April for adults (>18 years) between 800 to 2000 IU/day (20.0-50.0 μg/day). Furthermore, if the summertime sun exposure is insufficient or contraindicated, supplementation should be provided year-round [18] .
It is assumed that students, particularly of medicine, have a good understanding of vitamin D and its health benefits. However recent studies reveal that this is not true [20] . According to our literature search, there has not been any study investigating vitamin D knowledge among Polish students.
Materials and methods
The purpose of this cross-sectional population study was to analyze the vitamin D habits of undergraduates in Northern Poland (Gdańsk area). Specifically, the aim was to assess their diet, vitamin D supplementation, tanning habits, physical activity, vitamin D knowledge and to evaluate their self-assessed state of health. All participants were informed about the purpose of the study on the front page of the survey. Participation was voluntary and the student could withdraw his/her participation at any time. There were no exclusion criteria.
The survey
An on-line survey was created using Google Forms (Google Inc., California, USA) and conducted out from November 2013 to March 2014. Most of the universities involved in the study had its own student-coordinator for purpose of this study (see: Acknowledgments). University e-mail lists and social media were used to recruit the respondents. The survey contained 17 open or multiple choice questions and was prepared in two identical versions (Polish and English). The survey took approximately 5 minutes to complete. After providing demographic data, the respondents were asked about the type and frequency of their vitamin D supplementation. Then, the data concerning frequency and the date of last of suntanning outside or tanning salon visit was collected. The dietary preferences were also examined with questions about the type and frequency of vitamin D-rich food consumption. The respondents were asked whether they experience common symptoms of vitamin D deficiency. Participants were also asked about their serum 25 Figure 2 and were selected according to literature [4, 11, 18, 21] .
Prior to launching the survey on-line, 10 participants pilot-tested both the English and Polish versions, to determine whether questions were clearly phrased and to eliminate potential misunderstandings.
Statistical methods
The database was prepared using MS Excel (Microsoft Office Professional Plus 2010, Redmond, USA). Statistical analyses were performed using the STATISTI-CA software (StatSoft, Inc. Ver. 10.0, Tulsa, USA). Basic descriptive values (mean, median, standard deviation and range) were calculated. Appropriate tests were performed in order to evaluate the statistical significance of the results (Chi-squared test for qualitative data, parametric or nonparametric tests for quantitative data). Parametric tests were used if the values met the criteria of normal distribution. Nonparametric tests were used if the value had another type of distribution. The U-Mann-Whitney test was used to compare groups not fitting a normal distribution, whereas the t-Student test was performed for the groups with normal distribution. For multiple group comparison, Kruskal-Wallis or ANO-VA and tests were used, respectively. The statistical significance was set at p<0.05.
Results
Overall, 1766 completed surveys were received from 369 males and 1397 females (Table 1) . Vast majority of the respondents (99%) were Caucasian. Respondents were Polish (95%) while 3% were citizens of Sweden and 2% came from other countries.
In our survey, regular vitamin D-rich food consumption was defined as consuming each product more than once a week. Overall regular consumption of milk, cheese or eggs was declared by about 60-70% of re- Never burns, always tans darkly
% -percent of respondents; n -number of respondents; am -arithmetic mean; SD -standard deviation spondents of both sexes (Table 2) . However, regular fish consumption was reported only by 18% of women and 22% of men.
Up to 44% of participants declared at least one type of vitamin D supplementation, with multivitamins being most common. More males than females selected gen-eral intake of each form of supplement (except vitamin D pills). However, in this same group only 56% admitted taking their supplements daily (Table 2) .
Analysis showed a significantly higher usage of sunbed tanning during the autumn/winter season among women, but this exposure was attributed to only 10% of studied female respondents. Physical activity was more frequent in the male group.
Only 5% of the studied women and 2.5% of the men measured their 25-OH-vitamin D level in the past ( Table 2 ). Furthermore, the difference was even more significant when Polish and foreign students were compared (4% vs 10%, respectively; p<0,05). Among those who have tested their 25-OH-vitamin D serum level, males tend to report significantly higher laboratory values than females (45.6 vs 24.7 nmol/L; p<0.05; n=79) ( Figure 2) .
Respondents who declared supplementation reported a higher rate of muscle weakness and problems with concentration, whereas those who have been exposed to UV during autumn or winter have significantly less problems with concentration (Table 3) .
Medical University students earned significantly higher scores on the vitamin D-related knowledge test compared to those from other universities (mean result 4.55 points out of maximum 20 points). On subsequent positions placed students from the University of Social Sciences and Humanities (3.59) and the University of Business and Administration in Gdynia (3.22). The lowest mean scores were found among the students of the Gdańsk University of Technology or the Academy of Music in Gdańsk (both ~2.6 points). Despite the highest test performance, students of Medical University of Gdańsk were the group with the biggest proportion of non-supplementing students (48.7%). Lack of supplementation was also highly prevalent among the Naval Academy students -47.5% (see Table 4 ). The most commonly selected as vitamin D-related diseases were as follows: osteoporosis (48%), depression (43%) and rheumatoid arthritis (30%). A minority of participants recognized autoimmune or pulmonary diseases as vitamin D-related diseases (Figure 3) . Due to the large subset of Medical University of Gdansk students (n=801), this group was analyzed also by the degree program (Figure 4) . The highest test scores were observed among the Dietetics students (mean 7.51; n=49), followed by the Public Health (5.60; n=10) students. Students of the MD program, with mean score of 4.75 (n=335) for the Polish students and 4.24 (n=110) for the foreign students, scored similarly to the overall average of the Medical University of Gdańsk participants (mean 4.55, n=801). * p<0,05 comparing to all other groups; ** p<0,05 for difference between these two groups; ND-no data 
Discussion
The undergraduate students surveyed in this cross-sectional study represent various medical education backgrounds. Their vitamin D knowledge and lifestyle attitude were assessed. Based on Central European recommendations [18] , the main sources of vitamin D are: UV exposure, supplementation and diet. While sun exposure in Europe is limited to certain months, sufficient food and supplement intake should be achieved for most of the year [1, 18] .
Undergraduate students around the world generally have poor knowledge about nutritional sources of vitamin D. According to a study from Bangladesh, nearly 20% of pharmacy students failed to mention at least one vitamin D-rich product [22] . A study performed among Polish undergraduate students based on their dietary records (200 participants, southern Poland) showed that both sexes have insufficient daily vitamin D consumption (mean values were 2.45μg for women and 3,97μg for men) [23] . Another Polish study reported even smaller values: 2.2μg (men) and 3.5μg (women) [24] . Similarly, a US survey revealed that only 22% of the female and 47% of the male students attained the adequate intake for vitamin D [25] . Our results are similar, as the percentage of students consuming vitamin D-rich products was low. Additionally, only a minority of our respondents reported regular fish consumption.
A large cross-sectional study of Northern Poland population has shown a high prevalence of vitamin D deficiency during the winter months (84.4% of participants had serum 25-OH-vitamin D level below 20 ng/mL) [4] . In the same paper, the authors pointed out that daily supplementation of vitamin D is the strongest independent factor that increases the 25-OH-vitamin D serum level with odds ratio 4.57 (2.34-8.94) [4] . In our study, lack of any form of supplementation was observed in nearly half of studied participants.
Kmieć et al. also tested population vitamin D status with regard to UVE. Mean 25-OH vitamin D concentration among the participants in autumn (after months with high sun exposure) was 22.8 ± 7.9 ng/mL [6] and 14.3 ± 6.6 ng/mL during winter [4] . Vast majority of our participants tended to avoid UVE in any form (75-80% of them reported "rarely" UVE), both during autumn or winter months. Only a part of respondents reported regular (weekly or monthly) exposure to sunlight or use of sunbeds.
A Pakistani survey of medical students showed higher usage of vitamin D supplements among those suffering from fatigue and muscular pain [26] .Concerning our study participants, it is not clear whether such non-specific symptoms can be relate to actual vitamin D deficiency or to another medical condition. Table 4 shows nearly similar prevalence of these symptoms (except problems with concentration) both in vitamin D supplementing and non-supplementing students.
Research on a large sample of Canadian students' (N=1088), reported poor knowledge test scores: 26% on vitamin D sources, 23% on factors affecting its level and 37% on its health effects [20] . Only 8% of the students knew the recommended vitamin D intake [20] . A survey from Pennsylvania found no association between students' knowledge of bone health with vitamin D or calcium intake (r=0.04, NS) [25] . Survey from China reveals, that despite students' high test performance (up to 87.3% positive answers), majority of them (66.8%) never or seldom increased sun exposure [27] . Similarly in our respondents: some groups had good general knowledge about the consequences of vitamin D deficiency, but they also had high ratio of non-supplementing and non-UV exposed participants. This observation concerned particularly Medical University students.
The role of vitamin D deficiency in development of osteoporosis is well-recognized in general population [28] [29] . However it is still not clear how vitamin D influences depression, as multiple studies showed strong though not consistent associations [30] [31] [32] . Turkish first-year medical students most frequently recognized osteoporosis as a vitamin D-deficiency related disease [33] . Among our respondents, both osteoporosis and depression were the most frequently chosen answers.
The main limitations of our study is data uncertainty. Without the participants' detailed dietary records and measured 25-OH-vitamin D serum levels, it is impossible to objectively assess one's vitamin D status. There can be potential respondent bias as well, because internet-based surveys are prone to interference due to the internet's distracting and anonymous environment [34] . Our study group could have been adjusted to fully represent the general population. As in our study, the student population of Polish universities is very predominantly female [35] . Furthermore, apart from the Medical University of Gdańsk, the proportional sample size of each university's cohort was similar (Table 4) .
Our results suggest that despite the growing number of evidence about vitamin D's health benefits, students from the Gdańsk area have low vitamin D status along with poor understanding of vitamin D deficiency. Given the individual and public health consequences of vitamin D deficiency, it should be worthwhile to launch an effective informational campaign and to implement the university curricula with the latest evidence and recommendations on vitamin D. Vitamin D education and supplementation should be also added to clinical practice, with special regard to primary healthcare providers.
Online educational programs could be effective in improving knowledge as well as vitamin D awareness software [36] [37] . Investment in the healthy habits of individuals should be one of the principal long-term goals of healthcare policy makers. Developing public health policies focused on vitamin D should be regarded as primary prevention, which eventually would enhance the health status of the entire population.
